Introduction {#Sec1}
============

In 1962, Bernstein--Schurer operators were identified in the paper of Schurer \[[@CR25]\]. In 1987, Lupaş \[[@CR16]\] initiated the *q*-generalization of Bernstein operators in rational form. Some other *q*-Bernstein polynomial was defined by Phillips \[[@CR22]\] in 1997. The development *q*-calculus applications established a precedent in the field of approximation theory. We may refer to some of them as Durrmeyer variant of *q*-Bernstein--Schurer operators \[[@CR2]\], *q*-Bernstein--Schurer--Kantorovich type operators \[[@CR3]\], *q*-Durrmeyer operators \[[@CR8]\], *q*-Bernstein--Schurer--Durrmeyer type operators \[[@CR12]\], *q*-Bernstein--Schurer operators \[[@CR19]\], King's type modified *q*-Bernstein--Kantorovich operators \[[@CR20]\], *q*-Bernstein--Schurer--Kantorovich operators \[[@CR23]\]. Lately, Mursaleen et al. \[[@CR17]\] pioneered the research of $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-analogue of Bernstein operators which is a generalization of *q*-Bernstein operators (Philips). The application of $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-calculus has led to the discovery of various modifications of Bernstein polynomials involving $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-integers. For instance, Mursaleen et al. \[[@CR18]\] constructed $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-analogue of Bernstein-Kantorovich operators in 2016, and Khalid et al. \[[@CR15]\] generalised *q*-Bernstein--Lupaş operators. In the $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-calculus, parameter *p* provides suppleness to the approximation. Some recent articles are \[[@CR1], [@CR4]--[@CR6], [@CR9], [@CR10], [@CR13]\], and \[[@CR21]\]. Motivated by the work of Khalid et al. \[[@CR15]\], now we define a Kantorovich type Lupaş-Schurer operators based on the $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-calculus.

First of all, we introduce some important notations and definitions for the $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-calculus, which is a generalization of *q*-oscillator algebras. For $\documentclass[12pt]{minimal}
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                \begin{document}$0< q< p\leq1$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-number of *m* is denoted by $\documentclass[12pt]{minimal}
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                \begin{document}$[m]_{p,q}$\end{document}$ and is defined by $$\documentclass[12pt]{minimal}
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                \begin{document}$$ [m]_{p,q}:=p^{m-1}+p^{m-2}q+\cdots+pq^{m-2}+q^{m-1}= \textstyle\begin{cases} \frac{p^{m}-q^{m}}{p-q} & \text{if } p\neq q\neq1, \\ \frac{1-q^{m}}{1-q} & \text{if } p= 1, \\ m & \text{if } p=q=1. \end{cases} $$\end{document}$$ The formula for the $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-binomial expansion is defined by $${(cx + dy)}_{p,q}^{m}: = \sum\limits_{l = 0}^{m}\begin{bmatrix}
m \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m - l)(m - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}c^{m - l}d^{l}x^{m - l}y^{l},$$ where $$\begin{bmatrix}
m \\
l \\
\end{bmatrix}_{p,q} = \frac{{\lbrack m\rbrack}_{p,q}!}{{\lbrack l\rbrack}_{p,q}!{\lbrack m - l\rbrack}_{p,q}!}$$ are the $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-binomial coefficients. From Eq. ([1](#Equ1){ref-type=""}) we get $$\documentclass[12pt]{minimal}
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                \begin{document}$$ (x+y)_{p,q}^{m} =(x+y) (px+qy) \bigl(p^{2}x+q^{2}y \bigr)\cdots \bigl(p^{m-1}x+q^{m-1}y \bigr) $$\end{document}$$ and $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ (1-x)_{p,q}^{m} =(1-x) (p-qx) \bigl(p^{2}-q^{2}x \bigr)\cdots \bigl(p^{m-1}-q^{m-1}x \bigr). $$\end{document}$$ The $\documentclass[12pt]{minimal}
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                \begin{document}$$ \int_{0}^{a}f(x)\,d_{p,q}x=(q-p)a \sum _{k=0}^{ \infty} \frac{p^{k}}{q^{k+1}}f \biggl( \frac{p^{k}}{q^{k+1}}a \biggr), \quad \biggl\vert \frac{p}{q} \biggr\vert < 1 $$\end{document}$$ and $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \int_{0}^{a}f(x) \,d_{p,q}x=(p-q)a \sum _{k=0}^{ \infty} \frac{q^{k}}{p^{k+1}}F \biggl( \frac{q^{k}}{p^{k+1}}a \biggr),\quad \biggl\vert \frac{q}{p} \biggr\vert < 1. $$\end{document}$$ For detailed information about the theory of $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-integers, we refer to \[[@CR11]\] and \[[@CR24]\].

Construction of the operator {#Sec2}
============================

Definition 1 {#FPar1}
------------

For any $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$0< q< p\leq1$\end{document}$, we construct a $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-analogue of Kantorovich type Lupaş--Schurer operator by $$\documentclass[12pt]{minimal}
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                \begin{document}$$ K_{m,s}^{(p,q)}(f;x)=[m]_{p,q}\sum _{l=0}^{m+s}\frac{B_{m,l,s}^{p,q}(x)}{p^{m-l}q^{l}} \int_{\frac{[l]_{p,q}}{p^{l-m-1}[m]_{p,q}}}^{\frac {[l+1]_{p,q}}{p^{l-m}[m]_{p,q}}} f(t)\,d_{p,q}t,\quad x \in [0,1], $$\end{document}$$ where $\documentclass[12pt]{minimal}
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                \begin{document}$m\in\mathbb{N}$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$s>0$\end{document}$ is a fixed natural number and $$B_{m,l,s}^{p,q}(x) = \frac{\begin{bmatrix}
{m + s} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l)(m + s - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}x^{l}{(1 - x)}^{m + s - l}}{\prod_{j = 1}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}.$$ After some calculations we obtain $$\documentclass[12pt]{minimal}
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                \begin{document}$$ K_{m,s}^{(p,q)}(f;x)=\sum _{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \int_{0}^{1}f \biggl( \frac{p[l]_{p,q}+q^{l}t}{p^{l-m}[m]_{p,q}} \biggr) \,d_{p,q}t. $$\end{document}$$

In the following lemma, we present some equalities for the $\documentclass[12pt]{minimal}
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                \begin{document}$(p,q)$\end{document}$-analogue of Lupaş--Schurer--Kantorovich operators.

Lemma 1 {#FPar2}
-------
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                \begin{document}$K_{m,s}^{(p,q)}(\cdot;\cdot)$\end{document}$ *be given by Eq*. ([4](#Equ4){ref-type=""}). *Then we have* $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& K_{m,s}^{(p,q)}(1;x) = 1, \end{aligned}$$ \end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& K_{m,s}^{(p,q)}(t;x) = \biggl( \frac{[m+s]_{p,q}}{[m]_{p,q}p^{s-1}} - \frac{p^{m}}{[2]_{p,q}[m]_{p,q}}+ \frac{q^{m+s}}{[2]_{p,q}[m]_{p,q}p^{s}} \biggr)x+\frac{p^{m}}{[2]_{p,q}[m]_{p,q}}, \end{aligned}$$ \end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document} $$\begin{aligned}& \begin{aligned}[b] K_{m,s}^{(p,q)} \bigl(t^{2};x \bigr) &= \frac {[m+s]_{p,q}[m+s-1]_{p,q}q^{2}p^{2-2s}}{[m]_{p,q}^{2}(p(1-x)+qx)}x^{2}+\frac {[m+s]_{p,q}p^{m-s+1}}{[m]_{p,q}^{2}}x \\ &\quad {}+\frac {2[m+s]_{p,q}qp^{4m+2s-3}(p^{m+s}(1-x)+q^{m+s}x)}{[2]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)}x \\ &\quad {}+\frac {p^{-2s}(p^{m+s}(1-x)+q^{m+s}x)(p^{m+s+1}(1-x)+q^{m+s+1}x)}{[3]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)}, \end{aligned} \end{aligned}$$ \end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& K_{m,s}^{(p,q)}(t-x;x) = \biggl( \frac{[m+s]_{p,q}}{[m]_{p,q}p^{s-1}} - \frac{p^{m}}{[2]_{p,q}[m]_{p,q}}+ \frac{q^{m+s}}{[2]_{p,q}[m]_{p,q}p^{s}}-1 \biggr)x+\frac{p^{m}}{[2]_{p,q}[m]_{p,q}}, \end{aligned}$$ \end{document}$$ $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& \begin{aligned}[b] K_{m,s}^{(p,q)} \bigl((t-x)^{2};x \bigr) &= \biggl( \frac {[m+s]_{p,q}[m+s-1]_{p,q}q^{2}p^{2-2s}}{[m]_{p,q}^{2}(p(1-x)+qx)} \\ &\quad {}+\frac {-2[2]_{p,q}[m+s]_{p,q}p^{1-s}+2p^{m}-2q^{m+s}p^{-s}}{[2]_{p,q}[m]_{p,q}}+1 \biggr) x^{2} \\ &\quad {}+ \biggl(\frac{[m+s]_{p,q}p^{m-s+1}}{[m]_{p,q}^{2}} +\frac {2[m+s]_{p,q}qp^{4m+2s-3}(p^{m+s}(1-x)+q^{m+s}x)}{[2]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)}\hspace{-20pt} \\ &\quad {}-\frac{2p^{m}}{[2]_{p,q}[m]_{p,q}} \biggr)x \\ &\quad {}+ \frac {p^{-2s}(p^{m+s}(1-x)+q^{m+s}x)(p^{m+s+1}(1-x)+q^{m+s+1}x)}{[3]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)}. \end{aligned} \end{aligned}$$ \end{document}$$

Proof {#FPar3}
-----

*(i)* From the definition of the operators in ([4](#Equ4){ref-type=""}), we can easily prove the first claim as follows: $$\begin{matrix}
{K_{m,s}^{(p,q)}(1;x)} & = & {\sum\limits_{l = 0}^{m + s}B_{m,l,s}^{p,q}(x)\int_{0}^{1}d_{p,q}t} \\
 & = & {\sum\limits_{l = 0}^{m + s}\frac{\begin{bmatrix}
{m + s} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l)(m + s - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}x^{l}{(1 - x)}^{m + s - l}}{\prod_{j = 1}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}} \\
 & = & {1.} \\
\end{matrix}$$

*(ii)* We can calculate the second identity for $\documentclass[12pt]{minimal}
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                \begin{document}$K_{m,s}^{(p,q)}(t;x)$\end{document}$ as follows: $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} K_{m,s}^{(p,q)}(t;x) =&\sum_{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \int_{0}^{1} \frac{p[l]_{p,q}+q^{l}t}{p^{l-m}[m]_{p,q}} \,d_{p,q}t \\ =&\sum_{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{p[l]_{p,q}}{p^{l-m}[m]_{p,q}} \int_{0}^{1} d_{p,q}t+\sum _{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{q^{l}}{p^{l-m}[m]_{p,q}} \int_{0}^{1} t \,d_{p,q}t . \end{aligned}$$ \end{document}$$ After that, by some simple computations, we have $$\begin{matrix}
{K_{m,s}^{(p,q)}(t;x)} & = & {\sum\limits_{l = 0}^{m + s}B_{m,l,s}^{p,q}(x)\frac{p{\lbrack l\rbrack}_{p,q}}{p^{l - m}{\lbrack m\rbrack}_{p,q}} + \sum\limits_{l = 0}^{m + s}B_{m,l,s}^{p,q}(x)\frac{q^{l}}{p^{l - m}{\lbrack m\rbrack}_{p,q}{\lbrack 2\rbrack}_{p,q}}} \\
 & = & {\sum\limits_{l = 1}^{m + s}\frac{p^{m - l + 1}{\lbrack m + s\rbrack}_{p,q}}{{\lbrack m\rbrack}_{p,q}}.\frac{\begin{bmatrix}
{m + s - 1} \\
{l - 1} \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l)(m + s - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}x^{l}{(1 - x)}^{m + s - l}}{\prod_{j = 1}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}} \\
 & & {+ \frac{1}{{\lbrack m\rbrack}_{p,q}{\lbrack 2\rbrack}_{p,q}p^{s}}\sum\limits_{l = 0}^{m + s}\frac{\begin{bmatrix}
{m + s} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l)(m + s - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{qx}{p(1 - x)})}^{l}}{\prod_{j = 0}^{m + s - 1}\{ p^{j - 1} + q^{j - 1}(\frac{qx}{p(1 - x)})\}}} \\
 & = & {\frac{{\lbrack m + s\rbrack}_{p,q}}{{\lbrack m\rbrack}_{p,q}p^{s}}\sum\limits_{l = 0}^{m + s - 1}\frac{p^{m + s - l}\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l + 1)}{2}}x^{l + 1}{(1 - x)}^{m + s - l - 1}}{\prod_{j = 1}^{m + s - 1}\{ p^{j}(1 - x) + q^{j}x\}}} \\
 & & {+ \frac{p(1 - x)\{ p^{m + s - 1} + q^{m + s - 1}(\frac{qx}{p(1 - x)})\}}{{\lbrack m\rbrack}_{p,q}{\lbrack 2\rbrack}_{p,q}p^{s}}} \\
 & & {\times \sum\limits_{l = 0}^{m + s}\frac{\begin{bmatrix}
{m + s} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l)(m + s - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{qx}{p(1 - x)})}^{l}}{\prod_{j = 1}^{m + s}\{ p^{j - 1} + q^{j - 1}(\frac{qx}{p(1 - x)})\}}} \\
 & = & {\frac{{\lbrack m + s\rbrack}_{p,q}}{{\lbrack m\rbrack}_{p,q}p^{s - 1}}x + \frac{p(1 - x)\{ p^{m + s - 1} + q^{m + s - 1}(\frac{qx}{p(1 - x)})\}}{{\lbrack m\rbrack}_{p,q}{\lbrack 2\rbrack}_{p,q}p^{s}}.} \\
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                \begin{document}$K_{m,s}^{(p,q)}(t;x)$\end{document}$ is obtained as $$\documentclass[12pt]{minimal}
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                \begin{document}$$ K_{m,s}^{(p,q)}(t;x)= \biggl( \frac{[m+s]_{p,q}}{[m]_{p,q}p^{s-1}} - \frac{p^{m}}{[2]_{p,q}[m]_{p,q}}+ \frac{q^{m+s}}{[2]_{p,q}[m]_{p,q}p^{s}} \biggr)x+\frac{p^{m}}{[2]_{p,q}[m]_{p,q}}. $$\end{document}$$ Thus, ([6](#Equ6){ref-type=""}) is obtained.

*(iii)* For the third identity involving $\documentclass[12pt]{minimal}
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                \begin{document}$K_{m,s}^{(p,q)}(t^{2};x)$\end{document}$, we write $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} K_{m,s}^{(p,q)} \bigl(t^{2};x \bigr) =&\sum _{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{p^{2}[l]^{2}_{p,q}}{p^{2l-2m}[m]^{2}_{p,q}} \int_{0}^{1} d_{p,q}t+2\sum _{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{p[l]_{p,q}q^{l}}{p^{2l-2m}[m]^{2}_{p,q}} \int_{0}^{1} t \,d_{p,q}t \\ &{}+\sum_{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{q^{2l}}{p^{2l-2m}[m]^{2}_{p,q}} \int_{0}^{1} t^{2} \,d_{p,q}t \\ =& \underbrace{\sum_{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{p^{2}[l]^{2}_{p,q}}{p^{2l-2m}[m]^{2}_{p,q}}}_{\text{B1}} + \underbrace {\frac{2}{[2]_{p,q}}\sum _{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{p[l]_{p,q}q^{l}}{p^{2l-2m}[m]^{2}_{p,q}}}_{\text{B2}} \\ &{}+ \underbrace{\frac{1}{[3]_{p,q}}\sum_{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \frac{q^{2l}}{p^{2l-2m}[m]^{2}_{p,q}}}_{\text{B3}}. \end{aligned}$$ \end{document}$$ Firstly, we calculate *B*1 as $$\begin{matrix}
{B1} & = & {\sum\limits_{l = 0}^{m + s}B_{m,l,s}^{p,q}(x)\frac{p^{2}{\lbrack l\rbrack}_{p,q}^{2}}{p^{2l - 2m}{\lbrack m\rbrack}_{p,q}^{2}}} \\
 & = & {\sum\limits_{l = 0}^{m + s - 1}\frac{p^{2m - 2l}{\lbrack l + 1\rbrack}_{p,q}{\lbrack m + s\rbrack}_{p,q}}{{\lbrack m\rbrack}_{p,q}^{2}}.\frac{\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l + 1)}{2}}x^{l + 1}{(1 - x)}^{m + s - l - 1}}{\prod_{j = 1}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}.} \\
\end{matrix}$$ Now by using the equality $$\documentclass[12pt]{minimal}
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                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ [l+1]_{p,q}=p^{l}+q[l]_{p,q}, $$\end{document}$$ we acquire $$\begin{matrix}
{B1} & = & {\frac{{\lbrack m + s\rbrack}_{p,q}}{{\lbrack m\rbrack}_{p,q}^{2}}\sum\limits_{l = 0}^{m + s - 1}p^{2m - l}\frac{\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l + 1)}{2}}x^{l + 1}{(1 - x)}^{m + s - l - 1}}{\prod_{j = 1}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}} \\
 & & {+ \frac{{\lbrack m + s\rbrack}_{p,q}}{{\lbrack m\rbrack}_{p,q}^{2}}\sum\limits_{l = 0}^{m + s - 1}p^{2m - 2l}q{\lbrack l\rbrack}_{p,q}\frac{\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l + 1)}{2}}x^{l + 1}{(1 - x)}^{m + s - l - 1}}{\prod_{j = 1}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}} \\
 & = & {\frac{{\lbrack m + s\rbrack}_{p,q}p^{2m}x}{{\lbrack m\rbrack}_{p,q}^{2}p^{m + s - 1}}\sum\limits_{l = 0}^{m + s - 1}\frac{\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{qx}{p(1 - x)})}^{l}{(1 - x)}^{m + s - 1}}{\frac{1}{p^{m + s - 1}}\prod_{j = 1}^{m + s - 1}\{ p^{j}(1 - x) + q^{j}x\}}} \\
 & & {+ \frac{{\lbrack m + s\rbrack}_{p,q}{\lbrack m + s - 1\rbrack}_{p,q}q^{2}x^{2}}{{\lbrack m\rbrack}_{p,q}^{2}p^{2s - 2}(p(1 - x) + qx)}\sum\limits_{l = 0}^{m + s - 2}\frac{\begin{bmatrix}
{m + s - 2} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 2)(m + s - l - 3)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{q^{2}x}{p^{2}(1 - x)})}^{l}}{\prod_{j = 1}^{m + s - 2}\{ p^{j - 1} + q^{j - 1}(\frac{q^{2}x}{p^{2}(1 - x)})\}}} \\
 & = & {\frac{{\lbrack m + s\rbrack}_{p,q}p^{m - s + 1}}{{\lbrack m\rbrack}_{p,q}^{2}}x + \frac{{\lbrack m + s\rbrack}_{p,q}{\lbrack m + s - 1\rbrack}_{p,q}p^{2 - 2s}q^{2}}{{\lbrack m\rbrack}_{p,q}^{2}(p(1 - x) + qx)}x^{2}.} \\
\end{matrix}$$ Secondly, we work out *B*2 as follows: $$\begin{matrix}
{B2} & = & {\frac{2}{{\lbrack 2\rbrack}_{p,q}}\sum\limits_{l = 0}^{m + s}B_{m,l,s}^{p,q}(x)\frac{p{\lbrack l\rbrack}_{p,q}q^{l}}{p^{2l - 2m}{\lbrack m\rbrack}_{p,q}^{2}}} \\
 & = & {\frac{2{\lbrack m + s\rbrack}_{p,q}}{{\lbrack 2\rbrack}_{p,q}{\lbrack m\rbrack}_{p,q}^{2}}\sum\limits_{l = 1}^{m + s}\frac{q^{l}}{p^{2l - 2m - 1}}.\frac{\begin{bmatrix}
{m + s - 1} \\
{l - 1} \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l)(m + s - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}x^{l}{(1 - x)}^{m + s - l}}{\prod_{j = 1}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}} \\
 & = & {\frac{2{\lbrack m + s\rbrack}_{p,q}x}{{\lbrack 2\rbrack}_{p,q}{\lbrack m\rbrack}_{p,q}^{2}}\sum\limits_{l = 0}^{m + s - 1}\frac{q}{p^{- 2m + 1}}.\frac{\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{q^{2}x}{p^{2}(1 - x)})}^{l}{(1 - x)}^{m + s - 1}}{\prod_{j = 2}^{m + s}\{ p^{j - 1}(1 - x) + q^{j - 1}x\}}} \\
 & = & {\frac{2{\lbrack m + s\rbrack}_{p,q}qp^{2m - 1}x}{{\lbrack 2\rbrack}_{p,q}{\lbrack m\rbrack}_{p,q}^{2}}\sum\limits_{l = 0}^{m + s - 1}\frac{\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{q^{2}x}{p^{2}(1 - x)})}^{l}{(1 - x)}^{m + s - 1}}{\prod_{j = 0}^{m + s - 2}\{ p^{j + 1}(1 - x) + q^{j + 1}x\}}} \\
 & = & {\frac{2{\lbrack m + s\rbrack}_{p,q}qp^{4m + 2s - 3}x}{{\lbrack 2\rbrack}_{p,q}{\lbrack m\rbrack}_{p,q}^{2}}\sum\limits_{l = 0}^{m + s - 1}\frac{\begin{bmatrix}
{m + s - 1} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l - 1)(m + s - l - 2)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{q^{2}x}{p^{2}(1 - x)})}^{l}}{\prod_{j = 0}^{m + s - 2}\{ p^{j - 1} + q^{j - 1}(\frac{q^{2}x}{p^{2}(1 - x)})\}}} \\
 & = & {\frac{2{\lbrack m + s\rbrack}_{p,q}qp^{4m + 2s - 3}}{{\lbrack 2\rbrack}_{p,q}{\lbrack m\rbrack}_{p,q}^{2}}.\frac{(p^{m + s}(1 - x) + q^{m + s}x)}{p(1 - x + qx)}x.} \\
\end{matrix}$$ Thirdly, we deal with *B*3 as $$\begin{matrix}
{B3} & = & {\frac{1}{{\lbrack 3\rbrack}_{p,q}}\sum\limits_{l = 0}^{m + s}B_{m,l,s}^{p,q}(x)\frac{q^{2l}}{p^{2l - 2m}{\lbrack m\rbrack}_{p,q}^{2}}} \\
 & = & {\frac{p^{2m}}{{\lbrack 3\rbrack}_{p,q}{\lbrack m\rbrack}_{p,q}^{2}}\sum\limits_{l = 0}^{m + s}\frac{\begin{bmatrix}
{m + s} \\
l \\
\end{bmatrix}_{p,q}p^{\frac{(m + s - l)(m + s - l - 1)}{2}}q^{\frac{l(l - 1)}{2}}{(\frac{q^{2}x}{p^{2}(1 - x)})}^{l}{(1 - x)}^{m + s}}{\prod_{j = 0}^{m + s - 2}\{ p^{j + 1}(1 - x) + q^{j + 1}x\}}} \\
 & = & {\frac{p^{- 2s}}{{\lbrack 3\rbrack}_{p,q}{\lbrack m\rbrack}_{p,q}^{2}}.\frac{(p^{m + s}(1 - x) + q^{m + s}x)(p^{m + s + 1}(1 - x) + q^{m + s + 1}x)}{p(1 - x) + qx}.} \\
\end{matrix}$$ As a consequence, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
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                \usepackage{amssymb} 
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                \begin{document}$K_{m,s}^{(p,q)}(t^{2};x)$\end{document}$ is found as $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} K_{m,s}^{(p,q)} \bigl(t^{2};x \bigr) =& \frac{[m+s]_{p,q}p^{m-s+1}}{[m]^{2}_{p,q}}x+\frac {[m+s]_{p,q}[m+s-1]_{p,q}p^{2-2s}q^{2}}{[m]^{2}_{p,q}(p(1-x)+qx)}x^{2} \\ &{}+\frac{2[m+s]_{p,q}qp^{4m+2s-3}}{[m]^{2}_{p,q}[2]_{p,q}}.\frac {(p^{m+s}(1-x)+q^{m+s}x)}{p(1-x+qx)}x \\ &{}+\frac{p^{-2s}}{[3]_{p,q}[m]^{2}_{p,q}}.\frac {(p^{m+s}(1-x)+q^{m+s}x)(p^{m+s+1}(1-x)+q^{m+s+1}x)}{p(1-x)+qx}. \end{aligned}$$ \end{document}$$ If we reorganize, we obtain $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} K_{m,s}^{(p,q)} \bigl(t^{2};x \bigr) =& \frac {[m+s]_{p,q}[m+s-1]_{p,q}q^{2}p^{2-2s}}{[m]_{p,q}^{2}(p(1-x)+qx)}x^{2}+\frac {[m+s]_{p,q}p^{m-s+1}}{[m]_{p,q}^{2}}x \\ &{}+\frac {2[m+s]_{p,q}qp^{4m+2s-3}(p^{m+s}(1-x)+q^{m+s}x)}{[2]_{p,q}(p(1-x)+qx)[m]_{p,q}^{2}}x \\ &{}+\frac {p^{-2s}(p^{m+s}(1-x)+q^{m+s}x)(p^{m+s+1}(1-x)+q^{m+s+1}x)}{[3]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)} , \end{aligned}$$ \end{document}$$ as desired.

*(iv)* By using the linearity of the operators $\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} K_{m,s}^{(p,q)}(t-x;x) =&K_{m,s}^{(p,q)}(t;x)-xK_{m,s}^{(p,q)}(1;x) \\ =& \biggl( \frac{[m+s]_{p,q}}{[m]_{p,q}p^{s-1}} -\frac {p^{m}}{[2]_{p,q}[m]_{p,q}}+ \frac{q^{m+s}}{[2]_{p,q}[m]_{p,q}p^{s}}-1 \biggr)x \\ &{}+\frac{p^{m}}{[2]_{p,q}[m]_{p,q}}. \end{aligned}$$ \end{document}$$

*(v)* Similarly, we write the second central moment $\documentclass[12pt]{minimal}
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                \begin{document}$K_{m,s}^{(p,q)}((t-x)^{2};x)$\end{document}$ as $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
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                \usepackage{amsbsy}
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                \usepackage{upgreek}
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                \begin{document}$$ K_{m,s}^{(p,q)} \bigl((t-x)^{2};x \bigr)=K_{m,s}^{(p,q)} \bigl(t^{2};x \bigr)-2xK_{m,s}^{(p,q)}(t;x)+x^{2}K_{m,s}^{(p,q)}(1;x). $$\end{document}$$ We now plug-in into equation ([18](#Equ18){ref-type=""}) expressions ([5](#Equ5){ref-type=""}), ([6](#Equ6){ref-type=""}) and ([7](#Equ7){ref-type=""}). Then we get $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} K_{m,s}^{(p,q)} \bigl((t-x)^{2};x \bigr) =& \biggl( \frac {[m+s]_{p,q}[m+s-1]_{p,q}q^{2}p^{2-2s}}{[m]_{p,q}^{2}(p(1-x)+qx)} \\ &{}+\frac {-2[2]_{p,q}[m+s]_{p,q}p^{1-s}+2p^{m}-2q^{m+s}p^{-s}}{[2]_{p,q}[m]_{p,q}}+1 \biggr) x^{2} \\ &{}+ \biggl(\frac{[m+s]_{p,q}p^{m-s+1}}{[m]_{p,q}^{2}} +\frac {2[m+s]_{p,q}qp^{4m+2s-3}(p^{m+s}(1-x)+q^{m+s}x)}{[2]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)} \\ &{}-\frac {2p^{m}}{[2]_{p,q}[m]_{p,q}} \biggr)x \\ &{}+ \frac {p^{-2s}(p^{m+s}(1-x)+q^{m+s}x)(p^{m+s+1}(1-x)+q^{m+s+1}x)}{[3]_{p,q}(p(1-x)+qx)[m]_{p,q}^{2}}. \end{aligned}$$ \end{document}$$ □

We can easily see that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$K_{m,s}^{(p,q)}(f;x)$\end{document}$ are linear positive operators.

Remark 1 {#FPar4}
--------

\[[@CR15]\] Let *p*, *q* satisfy $\documentclass[12pt]{minimal}
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Now we will present the next theorem, which ensures the approximation process according to Korovkin's approximation theorem.

Theorem 1 {#FPar5}
---------
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                \begin{document}$K_{m,s}^{(p,q)}(f;x)$\end{document}$ *converge uniformly to* *f*.

Proof {#FPar6}
-----

By the Korovkin theorem, it is sufficient to prove that $$\documentclass[12pt]{minimal}
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*(i)* By using Eq. ([5](#Equ5){ref-type=""}), it can be clearly seen that $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \lim_{m\longrightarrow\infty} \bigl\Vert K_{m,s}^{(p,q)}e_{0}-e_{0} \bigr\Vert =\lim_{m\longrightarrow\infty}\sup_{x \in[0,1] } \bigl\vert K_{m,s}^{(p,q)}(1;x)-1 \bigr\vert =0. $$\end{document}$$

*(ii)* By Eq. ([6](#Equ6){ref-type=""}), we write $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& \lim_{m\longrightarrow\infty} \bigl\Vert K_{m,s}^{(p,q)}e_{1}-e_{1} \bigr\Vert \\& \quad = \lim_{m\longrightarrow\infty}\sup_{x \in[0,1] } \bigl\vert K_{m,s}^{(p,q)}(t;x)-x \bigr\vert \\& \quad = \lim_{m\longrightarrow\infty}\sup_{x \in[0,1] } \biggl\vert \biggl( \frac{[m+s]_{p,q}}{p^{s-1}[m]_{p,q}} -\frac {p^{m}}{[2]_{p,q}[m]_{p,q}}+ \frac{q^{m+s}}{[2]_{p,q}[m]_{p,q}p^{s}}-1 \biggr)x +\frac{p^{m}}{[2]_{p,q}[m]_{p,q}} \biggr\vert \\& \quad \leq \lim_{m\longrightarrow\infty} \biggl( \frac {[m+s]_{p,q}}{p^{s-1}[m]_{p,q}}-1+ \frac{q^{m+s}}{[2]_{p,q}[m]_{p,q}p^{s}} \biggr) \\& \quad = 0. \end{aligned}$$ \end{document}$$

*(iii)* From Eq. ([7](#Equ7){ref-type=""}), we have $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& \lim_{m\longrightarrow\infty} \bigl\Vert K_{m,s}^{(p,q)}e_{2}-e_{2} \bigr\Vert \\& \quad = \lim_{m\longrightarrow\infty}\sup_{x \in[0,1] } \bigl\vert K_{m,s}^{(p,q)} \bigl(t^{2};x \bigr)-x^{2} \bigr\vert \\& \quad = \lim_{m\longrightarrow\infty}\sup_{x \in[0,1] } \biggl\vert \biggl( \frac {[m+s]_{p,q}[m+s-1]_{p,q}q^{2}p^{2-2s}}{[m]_{p,q}^{2}(p(1-x)+qx)}-1 \biggr) x^{2} \\& \qquad {}+\frac{[m+s]_{p,q}p^{m-s+1}}{[m]_{p,q}^{2}}x +\frac {2[m+s]_{p,q}qp^{4m+2s-3}(p^{m+s}(1-x)+q^{m+s}x)}{[2]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)}x \\& \qquad {}+\frac {p^{-2s}(p^{m+s}(1-x)+q^{m+s}x)(p^{m+s+1}(1-x)+q^{m+s+1}x)}{[3]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)} \biggr\vert \\& \quad \leq \lim_{m\longrightarrow\infty} \biggl( \biggl( \frac {[m+s]_{p,q}[m+s-1]_{p,q}q^{2}p^{2-2s}}{[m]_{p,q}^{2}(p(1-x)+qx)}-1 \biggr) +\frac{[m+s]_{p,q}p^{m-s+1}}{[m]_{p,q}^{2}} \\& \qquad {}+\frac {2[m+s]_{p,q}qp^{4m+2s-3}(p^{m+s}(1-x)+q^{m+s}x)}{[2]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)} \\& \qquad {}+\frac {p^{-2s}(p^{m+s}(1-x)+q^{m+s}x)(p^{m+s+1}(1-x)+q^{m+s+1}x)}{[3]_{p,q}[m]_{p,q}^{2}(p(1-x)+qx)} \biggr) \\& \quad = 0. \end{aligned}$$ \end{document}$$ Consequently, the proof is finished. □

Before mentioning local approximation properties, we will give two lemmas as follows.

Lemma 2 {#FPar7}
-------

*If* *f* *is a monotone increasing function*, *then the constructed operators* $\documentclass[12pt]{minimal}
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Local approximation properties {#Sec3}
==============================
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Theorem 2 {#FPar9}
---------
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                \begin{document}$K_{m,s}^{(p,q)}((t-x)^{2};x)$\end{document}$ *is as given by* ([19](#Equ19){ref-type=""}).

Proof {#FPar10}
-----

By the positivity and linearity of the operators $\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} \bigl\vert K_{m,s}^{(p,q)}(f;x) -f ( x ) \bigr\vert \leq& K_{m,s}^{(p,q)} \biggl( w(f,\sigma_{m}) \biggl( \frac{ \vert t-x \vert }{\sigma_{m} }+1 \biggr);x \biggr) \\ =& \frac{ w(f,\sigma_{m})}{\sigma_{m}}\sqrt{ K_{m,s}^{(p,q)} \bigl((t-x)^{2};x \bigr)}+w(f,\sigma_{m}) \\ =&w(f,\sigma_{m}) \biggl(1+\frac{1}{\sigma_{m}}\sqrt{ K_{m,s}^{(p,q)} \bigl((t-x)^{2};x \bigr)} \biggr). \end{aligned}$$ \end{document}$$ Then, taking supremum of the last equation, we have $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} \bigl\lVert K_{m,s}^{(p,q)}f-f \bigr\lVert =&\sup _{x \in[0,1] } \bigl\vert K_{m,s}^{(p,q)}(f;x) -f ( x ) \bigr\vert \\ \leq&w(f,\sigma_{m}) \biggl(1+\frac{1}{\sigma_{m}}\sqrt{ K_{m,s}^{(p,q)} \bigl((t-x)^{2};x \bigr)} \biggr). \end{aligned}$$ \end{document}$$ Choose $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \bigl\lVert K_{m,s}^{(p,q)}f-f \bigr\lVert _{C[0,s+1]}\leq2\omega \bigl( f;\sigma_{m} ( x ) \bigr). $$\end{document}$$ This result completes the proof of the theorem. □

In what follows, by using Lipschitz functions, we will give the rate of convergence of the operators $\documentclass[12pt]{minimal}
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Theorem 3 {#FPar11}
---------
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                \begin{document}$\sigma_{m}(x)$\end{document}$ *is the same as in* ([22](#Equ22){ref-type=""}).

Proof {#FPar12}
-----
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                \begin{document}$\sigma_{m} ( x )$\end{document}$ as in Theorem [2](#FPar9){ref-type="sec"}, we complete the proof as desired. □

Finally, in the light of Peetre-K functionals, we obtain the rate of convergence of the constructed operators $\documentclass[12pt]{minimal}
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Lemma 4 {#FPar13}
-------
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Proof {#FPar14}
-----
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                \begin{document} $$\begin{aligned} \bigl\vert K_{m,s}^{(p,q)}(f;x) \bigr\vert =& \Biggl\vert \sum_{l=0}^{m+s}B_{m,l,s}^{p,q}(x) \int_{0}^{1}f \biggl( \frac{p[l]_{p,q}+q^{l}t}{p^{l-m}[m]_{p,q}} \biggr) \,d_{p,q}t \Biggr\vert \\ \leq& \sum_{l=0}^{m+s} B_{m,l,s}^{p,q}(x) \biggl\vert \int_{0}^{1}f \biggl( \frac{p[l]_{p,q}+q^{l}t}{p^{l-m}[m]_{p,q}} \biggr) \,d_{p,q}t \biggr\vert \\ \leq& \sum_{l=0}^{m+s} B_{m,l,s}^{p,q}(x) \int_{0}^{1} \biggl\vert f \biggl( \frac{p[l]_{p,q}+q^{l}t}{p^{l-m}[m]_{p,q}} \biggr) \biggr\vert \,d_{p,q}t \\ \leq& \Vert f \Vert K_{m,s}^{(p,q)} (1;x) \\ =& \Vert f \Vert . \end{aligned}$$ \end{document}$$ □

Theorem 4 {#FPar15}
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Proof {#FPar16}
-----
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                \begin{document} $$\begin{aligned} \bigl\vert K_{m,s}^{*}(f;x) \bigr\vert =& \biggl\vert K_{m,s}^{(p,q)}(f;x)-f \biggl( \frac {([2]_{p,q}[m+s]_{p,q}p^{1-s}-p^{m}+p^{-s}q^{m+s})x+p^{m} }{[2]_{p,q}[m]_{p,q}} \biggr)+f(x) \biggr\vert \\ \leq& \bigl\vert K_{m,s}^{(p,q)}(f;x) \bigr\vert + \biggl\vert f \biggl( \frac {([2]_{p,q}[m+s]_{p,q}p^{1-s}-p^{m}+p^{-s}q^{m+s})x+p^{m} }{[2]_{p,q}[m]_{p,q}} \biggr) \biggr\vert + \bigl\vert f(x) \bigr\vert \\ \leq&3 \Vert f \Vert . \end{aligned}$$ \end{document}$$ Accordingly, $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \beta_{m}(x)= \frac{([2]_{p,q}[m+s]_{p,q}p^{1-s}-p^{m}+p^{-s}q^{m+s})x+p^{m} }{[2]_{p,q}[m]_{p,q}}-x. $$\end{document}$$ Finally, for all $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$g\in C^{2}[0,s+1]$\end{document}$, taking the infimum of ([35](#Equ35){ref-type=""}), we get $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \bigl\vert K_{m,s}^{(p,q)}(f;x)-f(x) \bigr\vert \leq4K \bigl(f,\alpha_{m}^{2}(x) \bigr)+\omega \bigl(f, \beta_{m}(x) \bigr). $$\end{document}$$ Consequently, using the property of Peetre-K functional, we obtain $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \bigl\vert K_{m,s}^{(p,q)}(f;x)-f(x) \bigr\vert \leq M \omega_{2} \bigl(f,\alpha_{m}(x) \bigr)+\omega \bigl(f, \beta_{m}(x) \bigr). $$\end{document}$$ This completes the proof. □

Graphical illustrations {#Sec4}
=======================

In this section, we illustrate an approximation of the operators $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$K_{m,s}^{(p,q)}$\end{document}$ for a function $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$f(x)$\end{document}$ by employing Matlab codes. Let us specially choose $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f(x)= \frac{1}{96}\tan\biggl(\frac{x}{16}\biggr) \biggl( \frac{x}{8}\biggr)^{2}\biggl(1-\frac{x}{4} \biggr)^{3}, $$\end{document}$$ and take $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$p=0.8$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$q=0.7$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$s=5$\end{document}$.

Algorithm 1 {#FPar17}
-----------

Algorithm 2 {#FPar18}
-----------

Initially, we discuss the error estimates of the Kantorovich type Lupaş--Schurer operators based on $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$(p, q)$\end{document}$-integers for different values of *x* and *m* in Table [1](#Tab1){ref-type="table"} by using Algorithm [1](#FPar17){ref-type="sec"}. Table 1Error estimates for different values of *x* when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$s=5$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$p=0.8$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$q=0.7$\end{document}$*m*Error at *x* = 0.1Error at *x* = 0.5Error at *x* = 0.950.1494⋅10^−6^0.0583⋅10^−6^0.0441⋅10^−6^100.0326⋅10^−6^0.3298⋅10^−6^0.1599⋅10^−6^150.0135⋅10^−6^0.2398⋅10^−6^0.0078⋅10^−6^

And then, we illustrate the convergence of the $\documentclass[12pt]{minimal}
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